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IN
T

R
O

D
U

C
T

IO
N

•
G

ravity data quality strongly depends on the spacecraft altitude.

•
G

ravity data cannot be collected during aerobraking because the 
H

igh G
ain A

ntenna cannot point at the E
arth.

•
T

he altitude during the M
apping orbit is pre-determ

ined.

•
T

he only  opportunity to obtain gravity data w
hich is better than 

that from
 the M

apping orbit is during the T
ransition from

 
A

erobraking to M
apping,  w

hile periapsis drifts to the S
outh P

ole.

•
A

 prelim
inary discussion of an E

ngineering C
hange R

equest to 
obtain the H

igh R
esolution G

ravity data dem
onstrated the value 

of this option and  resulted in an action item
 to determ

ine the ∆
V

 
cost,  w

hich is discussed in this presentation ...
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D
E

S
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N
 C

O
N

S
T

R
A

IN
T

S

•
10 D

ay S
pacing betw

een D
esigned M

aneuvers.

•
3 D

ay O
rbit Lifetim

e.

•
M

inim
um

 T
hruster A

ctivity during G
ravity D

ata 
C

ollection.
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IN
IT

IA
L C

O
N

D
IT

IO
N

S

•
A

ll C
ases S

tart w
ith T

he S
am

e S
tate.

•
O

ne O
rbit before A

B
X

  (M
O

S
 C

D
R

 B
A

S
E

LIN
E

)

•
Integrating H

igh R
esolution G

ravity D
ata C

ollection 
into the P

lan could result in a m
odified W

alkout phase.

•
T

W
O

 T
Y

P
E

S
:

–
A

LL P
R

O
P

U
LS

IV
E

  ( 3 M
aneuvers,  M

ore than 70 m
/s)

•
S

plit P
eriapsis R

aise into T
w

o M
aneuvers.

•
P

ropulsively Low
er A

poapsis.

–
C

O
N

T
IN

U
E

D
 D

R
A

G
  ( 2 M

aneuvers,  Less than 60 m
/s )

•
S

plit P
eriapsis R

aise into T
w

o M
aneuvers

•
U

se D
rag to Low

er A
poapsis to M

apping O
rbit.
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B
A

S
E

LIN
E

  &
  S

IX
 O

P
T

IO
N

S

O
ption

T
otal

∆
V

D
escription

C
D

R
74 m

/s
A

ll P
ropulsive T

ransfer.   O
rbit L

ifetim
e >

 3 D
ays.

F
irst m

aneuver (58 m
/s A

B
X

) raises periapsis to “F
inal” value.

S
econd m

aneuver (16 m
/s T

M
O

) low
ers apoapsis to M

apping.

1
7

0
 m

/s
A

ll P
ro

p
u

lsiv
e T

ransfer.  O
rb

it L
ifetim

e >
 3

 D
ay

s.    P
o

w
er O

K
.

F
irst M

an
eu

v
er (2

0
 m

/s A
B

X
) raises periap

sis to
 2

28
 k

m
.

S
eco

n
d

 M
an

eu
v

er (A
B

X
 +

 1
0

 d
ay

s)  lo
w

er apo
ap

sis to
 4

1
0

 k
m

.
T

h
ird

 M
aneu

v
er (A

B
X

 +
 2

0
 D

ay
s) raise p

eriap
sis to 3

6
6

 k
m

w
h

en p
eriap

sis is at S
o

u
th

 P
o

le an
d

 ap
o

ap
sis d

rifted
 to

 41
4

 k
m

.

2
58 m

/s
S

hrink apoapsis to 403 km
 by delaying A

B
X

 by 28 orbits (2 D
ays).

O
rbit L

ifetim
e reaches 1.7 D

ays.   P
ow

er needs 10° P
anel S

w
eep.

F
irst M

aneuver (20 m
/s A

B
X

) raises periapsis to 223 km
.

S
econd M

aneuver raises periapsis to 366 km
 w

hen periapsis
is at the S

outh P
ole and A

poapsis drifted to 413 km
.

3
57 m

/s
F

irst 6 m
/s M

aneuver raises periapsis to increase O
rbit L

ifetim
e w

hile
m

aintaining enough drag to reduce apoapsis to 414 km
 in 10 D

ays.
S

econd M
aneuver (14 m

/s A
B

X
) raises periapsis to 213 km

.
T

hird m
aneuver (37 m

/s T
M

O
) raises periapsis to 366 km

.
O

rbit L
ifetim

e >
 4 D

ays.  N
eeds T

hrusters.  P
ow

er is V
E

R
Y

 P
O

O
R

.
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O
P

T
IO

N
S

 - continued

O
p

tio
n

T
o

ta
l

∆
V

D
e

scriptio
n

4
7

1
 m

/s
A

ll P
ro

p
u

lsive
 T

ra
n

sfe
r.  O

rb
it L

ife
tim

e
 >

 3
 D

a
ys.   P

o
w

e
r O

K
.

2
0

 m
/s A

B
X

 to
 stop

 A
e

ro
b

ra
king

 a
t sam

e tim
e

 as C
D

R
 B

ase
lin

e
.

R
a

ise
 P

e
ria

p
sis an

d
 L

o
w

e
r A

p
o

a
p

sis o
n

 “C
o

n
se

cu
tive

” o
rb

its
w

h
e

n p
eria

p
sis re

a
ch

es th
e

 S
o

u
th

 P
o

le
. 

(V
io

la
tes re

q
u

ire
m

e
n

t fo
r 1

0
 D

a
ys b

e
tw

ee
n

 m
a

n
eu

ve
rs.)

5
5

8
 m

/s
C

o
n

tin
u

e
 N

o
rm

a
l (3

 D
a

y O
rb

it L
ife

tim
e

) W
a

lko
u

t
fo

r  3
 D

a
ys to

 sh
rin

k A
p

o
a

p
sis to

 4
0

7
 km

.
  

        (A
d

d
s 2

 m
o

re
 1

.1
 m

/s m
a

n
e

u
ve

rs)
1

7
.8

 m
/s A

B
X

 to
 R

a
ise

 P
e

ria
p

sis to
 2

2
0

 km
.

3
7

.5
 m

/s T
M

O
 to

 R
a

ise
 P

e
ria

p
sis to

 3
6

6
 km

   w
h

e
n

p
e

ria
p

sis is a
t th

e
 S

o
u

th
 P

o
le

,
 

          (A
p

o
a

p
sis h

a
s d

rifte
d

 b
a

ck u
p

 to
 4

1
4

 km
.)

P
o

w
e

r n
e

e
d

s 1
0

° S
o

la
r P

a
n

e
l S

w
e

e
p

.

6
6

0
 m

/s
F

irst 9
.5

 m
/s M

a
n

e
u

ve
r ra

ises p
e

ria
p

sis to
 1

84
 km

 su
ch

 th
a

t
a

p
o

a
p

sis d
e

ca
ys to

  4
1

5
 km

 w
h

en
 p

eria
p

sis re
a

che
s th

e
 S

o
u

th
 P

o
le

.
5

0
.4

 m
/s T

M
O

 ra
ise

s p
e

ria
p

sis to 3
6

6 km
.

N
e

e
ds T

h
ru

ste
rs.  P

o
w

e
r is V

E
R

Y
 P

O
O

R
,  n

e
e

d
s m

o
re

 a
n

a
lysis.
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B
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E
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ll P

ropulsive  ( 74 m
/s )
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T
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P
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O
P

T
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-5:  C

ontinue W
alkout,  ( 58 m

/s )
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N
-5:  T

hree M
ore D

ays of W
alkout
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 Dynamic Pressure  ( N/m2 )
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A
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T
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N
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E
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E
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U
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E
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2 M
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1.1 m
/s

W
alkout
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C
O

N
C

LU
S

IO
N

S

•
H

igh R
esolution G

ravity D
ata  C

A
N

 B
E

 C
O

LLE
C

T
E

D
.

–
B

oth  O
ption-1 or O

ption-5 are feasible.

•
A

ll P
ropulsive A

pproach  (O
ption-1)

–
S

m
aller A

B
X

 for Low
er  P

eriapsis A
ltitude during T

ransition.
–

A
B

X
 at S

am
e T

im
e as A

B
X

 for B
aseline.

–
Low

er A
poapsis H

alfw
ay through T

ransition P
hase.

•
T

o S
atisfy the 10 D

ay M
aneuver S

pacing R
equirem

ent.

–
T

otal ∆
V

 is  4 m
/s  LE

S
S

 than B
aseline,

–
R

eaches M
apping O

rbit 8 D
ays E

arlier than B
aseline.

–
P

ow
er M

argins are as G
ood as B

aseline.
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C
O

N
C

LU
S

IO
N

S
 - continued

•
U

se D
rag to Low

er A
poapsis to M

apping O
rbit

–
C

ontinue W
alkout for 3 M

ore D
ays  (2 m

ore W
alkout M

aneuvers)
–

S
atisfies 3 D

ay O
rbit Lifetim

e R
equirem

ent.
–

T
otal ∆

V
  is   16 m

/s  L
E

S
S

   than B
aseline

–
S

m
aller A

B
X

 for Low
er  P

eriapsis A
ltitude during T

ransition.
–

R
eaches M

apping O
rbit 8 D

ays E
arlier than B

aseline.
–

R
equires S

om
ething to Im

prove P
ow

er M
argins ...

•
Less S

w
eep on the S

olar P
anels (O

ne T
im

e C
hange)   or

•
Less P

eriapsis T
im

ing M
argins  (M

ore F
requent U

ploads),  or
•

P
oint the H

G
A

 tow
ard the S

un  (Lose T
elecom

),  or

•
R

educe the O
rbit Lifetim

e R
equirem

ent
–

Justify by B
uilding an A

nti-S
un M

aneuver C
apability

.
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